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USE OF NITRIC 0XIDE-RELEASIH6 AGENTS 
FOR REDUCING METASTASIS RISK 



Taehnical Fl»ld of thm Invantion 
5 Th« prsMnt inwntion ralatM to a Mthod of 

inhibiting tbm adhmranc* batwaan cancaroua and non- 
cancaroua oalla in a mnMl, and, aora particularly, to 
raduca aatastasia risk in a aaaaal using a nitric oxida- 
ralaaalng agant containing a nitric oxida-ralaasing N2O2' 
10 fiinctional group. 

BaekoTQund of thm Invantlon 
Currant sathods of traating cancar Includa surgery, 

radiotharapy, chaaotharapy and inunotharapy. Usually, 
15 ona or aora of thaaa aathods is usad in combination, 

with aurgary and radiotharapy baing tha aoat 

aradicativa. Howavar, givan that surgary and 

radiotharapy ara both local traatnant owthods, thasa 

traataants ara only usaful whan tuaors ara localisad. 
20 If tha cancar is ayataaic or aatastatlc, chaaotharapy 

and iaaunotharapy ara aora usaful traataant aathods.' 
Hatastasis is ona of tha aost sarious problaas of 

tuaor tharapy, cauaing aoat of tha fatal conditions. 

Tha risk of aatastasis is aspacially high during tha 
25 traataant of priaary tuaor s so that thara is an urgant 

naad for pravanting tha foraation of aatastasas at this 

ataga. 

Matastasia involvas tha ralaaaa of cancaroua cells 
froa a priaary tuaor into the circulatory or lyaphatic 

30 systaa followed by adhesion of the cancerous cells to 

the walls of capillaries and postcapillary venules and 
extravasation, resulting In the algration of the 
cancaroua cells to a new tiaaue site uid foraation of 
ona or aora secondary tuaors. Once tha tuaor calls gain 

35 aceaas to tha circulation, subsequent stapa in tha 

aatastatic cascade involve tha adhesion to aicrovassel 
andothaliua and invaaion of the baaaaant aaabrane, the 
thin extracellular aatrlx that surrounds the blood 
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VMScl wall and which is ballavad to ba dagradad by 
spacific protaolytlc anzynaa. Tha adhaslon of tha 
natastaslzing cancarous calls to tha andothalium is 
nadiatad by adhaaiva structuras, such as VCAM, VIA-4, E- 
5 salactin and sialyl-Lawls X. Siailarly, tha adhasion of 
tuBor calls to tha basaaant aaabrana is sadiatad through 
spacific call-surfaca racaptors that bind to various 
glycoprotains, such aa laainin, fibronactin and 
chondronact in . 

10 Laninin is a basaaant aambrana-spacif ic 

glycoprotain conposad of thraa chains, namaly a, fil, and 
f)2, which form a crucifom shapa, and is tha 
glycoprotain prafarrad by a nuabar of carcinoaas, a.g., 
of colon and braast (Liotta, cancar Raa.. 1-7 

15 (1986); Tarranova at al., pwaa psa . fifir 444-448 (1983); 
Tarranova at al., cancar . 2265-2269 (1982); and 
Vlodavsky at al., BaSilXAf 231, 304-306 (1981)). Laainin 
is activa in proaoting call adhasion, aigration, 
prolifaration, naurita outgrowth and differantiation 

20 {Sam, s.g., Tiapl at al. , J. Biol, chaa. . 992 
(1979), Engal at al., J. Mol. Biol.. iSfi, 97 (1981), 
Klainaan at al., J. call. Biochaa. . 2I, 317 (1985), and 
Graf at al.. Sail, lA* 989 (1987)}. Kalignant calls, 
which hava laainin racaptors on thair surfacas, bind and 

25 attach aora raadily to laainin than noraal calls. 

Motility factors and tissua chaaotaetic factora can 
stiaulata tha aovaaant of aalignant tuaor calls and have 
baan iaplicatad in tha organ-apacif ic aatastasis of 
cartain tuaor calls (Hujanan at al., canear Raaaarch. 

30 iS,, 3517-3521 (1985)). Chaaoattractants aay hava a 
significant rola in tuaor call aatastasis. 

Givan that aatastasis involvas tha spraad of tuaor 
calls to organ sitas distant froa tha priaary tuaor, 
various foras of chaaotharapy and iaaunotharapy hava 

35 baan usad in tha traataant of aataatasis. Convantional 
chaaotharapy haa baan pradoainantly carriad out using 
inhibitors of nuclaic acid or protain synthasis, such as 
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5->fluorouracll (5FU) , Dltonycin (MMC) , clsplatin (CDDP) 
or adrlaaycln (ADR) . Howavar, thaaa inhibitors ara 
acco^paniad by such pronouncad aids affacts that thair 
usa assantially has baan rastrictad to auxiliary 
5 traataant. 

Racantly, an attaapt has baan aada to traat cancar 
by anhancing tha foraign body axclusion aachanism, an 
iwninological dafansa aystaa, through tha adainistration 
of cytokinas, such aa intarfarons and intarlauklns. 

10 Naturally, hovavar, thasa substancas ara locally 
producad only whan a foraign body has invadad an 
organisB. Consaguantly, ganaral or systaaic 
adainistration of such coapounds also rasults in sida 
af facta. Furtharaora, givan that cancar calls ara 

15 raeognisad as foraign bodias by an organisa only with 
difficulty, tha cancar to which tha traataant can ba 
appliad is vary liaitad. 

Siailarly, tha usa of iaaunopotantiating antituaor 
agants, such as biological rasponsa aodifiara (BRM) , 

20 also is accoapaniad by sida affacts. 

U.S. Patant Noa. 5,306,714 (Okaaoto at al., April 
26, 1994) and 5,004,735 (Okaaoto at al., 2, 199ri) 

diaclosa tha usa of (S)-2,3-dihydropolypranol and (S)- 
2,3-dihydropolypranol aonophospbata and pharaacautically 

25 accaptabla salts tharaof in tha traataant of aatastasis. 
Lactaas, such as H-(3-phanylprqpyl)-l- 
daoKynojiriayein, I'^aoxynojiriaycin, D-glucaro-<- 
lactaa, and 6-0-triphanylaathyl-D-gluco-£-lactaa, ara 
dascribad in U.S. Patant No. 4,985,445 (Suzuki, January 

30 15, 1991) as inhibitors of aatastasis. 

U.S. Patant No. 5,242,692 (Djaldatti at al., 
Saptaabar 7, 1993) disclosas a tuaor call prolifaratlon 
inhibitor with a aolaoular waight of about 25,000-30,000 
daltons that is isolatabla froa auscla tissua and auscla 

35 call cultura. 
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U.S. Patent No. 5,231,082 (Schasteen, July 27, 
1993) dlsclosaa antlsatastatic cyclic paptidas. The 
cyclic paptldaa ara aald to bind to tha 67 kOa laninin 
racaptor and to block laalnin-aadiatad call adhaaion and 
5 colonization by mlanoma calla. Othar antiaataatatic 
peptides , irtiich include the pentapeptide tyr-ile-gly- 
•er-argr are discloeed in Buropean Patent J^^plication 
Publication Ho. 0278781, Ivaeoto et al., aeianea. 22&» 
1132 (1987), and Graf et al., aioeheaietrv. 2£i 6896 

10 (1987). A laninin Pl peptide and ita use in the 

treatnent of tumor call ■ataataaia ia described in U.S. 
Patent Mo. 5,175,251 (Johnaon et al., Dacenber 29, 
1992) . The adsinistration of acylatad peptides, such as 
pentapeptides, to inhibit aetastaala la described in 

15 U.S. Patent Ho. 5,039,662 (Schasteen, August 13, 1991). 
Acylaainoalkylpyridinaaaida adainiatration ia described 
in U.S. Patent Ho. 5,030,642 (Fuller et al., July 9, 
1991) as a aethod of treating aetaataais. The aaidas 
are described as specific inhibitora of 5- lipoxygenase 

20 and are aaid to inhibit call invasive activity and 
aetastasis. 

Tha uae of 5-(2-chloroben«yl)-4,5,6,7- 
tetrahydrothieno( 3, 2 -c] pyridine to treat aetastaaia ia 
deacribed in U.S. Patent No. 4,963,559 (Suzuki, October 

25 16, 1990). 

Inhibition of aetastasis through the adainistration 
of certain castanosperaine esters and castanosperaine is 
described in U.S. Patent Nos. 4,952,585 (Sunkara et al., 
August 28, 1990) and 4,792,558, reapectively. 

30 The uae of aonosaccharldea that are specific for 

organ cell lectins and/or glycoconjugatea containing 
auch aonoaaccharidea, apecifically p-D-galactose and/or 
glycoconjugatea containing terainal p-D-galactose 
noieties, to treat aetastaaia ia deacribed in U.S. 

35 Patent No. 4,946,830 (Pulverer et al., August 7, 1990). 
Terranova et al. ((1982), lUBCa) . diaclosea 
treating certain aetaatatic calla with an antibody to 
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laalnln, which d«crMS«s th« ability of th« Mtastatic 
c«lls to intaract with baasMnt maabrana and raducas the 
nuBbar of Mtaataaaa produced whan tha calls ara 
Injactad into aica. 
5 AdBinistration of a ribonuclaasa inhibitor to 

control Mtaatasia, audh that which occurs fron 
priwury tuaors in tha lung, braast and colon, is 
dasoribad in U.S. Patent No. 5,175,005 (Pulcushiaa at 
al., Decaidaar 29, 1992). 

10 The use of compounds that inhibit protein kinase-C 

as a Means of inhibiting setastasis is disclosed in U.S. 
Patent Mo. 5,151,360 (Handa et al., September 29, 1992). 

The iise of N,N,N-trisethylsphingosine to inhibit 
metastasis is described in U.S. Patent No. 5,137,919 

15 (Igarashi et al., August 11, 1992). 

Tha administration of lipids obtained from black 
currant seed, in the form of a dietetic or 
pharmaceutical composition, which promotes the 
bioavailabity of eicosapentanoic acid and 

20 dihomogammalinolenic acid, while depressing the 

bioavailability of arachinoic acid, to prevent cell 
adhesion and, therefore, metastasis is described in U.S. 
Patent No. 5,141,958 (Crosier-Willi et al., August 25, 
1992) . 

25 Tha administration of the lectins Abrin and Abrus 

agglutinin to suppress post-surgical malignant tumor 
metastasis is disclosed in U.S. Patent No. 5,053,386 
(Tung, oot^Mr l, 1991) . The administration of a 5- 
aaino- or substituted amino-l,2,3-triazole after 

30 surgical excision of tumors characterized by a high 

probability of matastasia, such as melanoma and breast 
cancer, is described in U.S. Patent No. 5,045,543 (Hupe, 
September 3, 1991). 

Accordingly, it is evident that there are many 

35 tumor-inhibiting substances in actual use and many more 
substances described as having potential use in the 
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trMtMnt of cancer, gcnarally, and, more spacif ically, 
in tha traatMnt of aataataala. Howavar, avan today 
thara la no ganaral cura for cancar and, tharafora, any 
contribution to chaaotharapy la walcoaad by tha aadleal 
5 profassion In hopaa of obtaining, at tha vary laast, a 
Bora af factiva agant in tha traataant of cancar and 
aaaoclatad aataataaaa. 

Tuaor calla that aynthaaiza MO appaar to ba laaa 
mataatatlc than thoaa that do not (Radoaaki at al., 

10 Canear Baaaareh, 6073-6078 (1991); Dong at al., 

Cflncir lteltftrch> 51, 789-7793 (1994)). Whathar or not 
tha adalnlatratlon of axoganoua NO haa an affact on 
■ataataala ia not knovn. Howavar, tha problan with 
taating thia hypothaaia by uaing connarcially available 

15 NO-ralaaaing coiipounda ia thaaa co^ounda' inability to 
^•iMaa NO aita-apaoifically. It would ba undaairabla 
to traat cancar patianta with MO prodruga currently on 
tha aarkat that raleaaa MO throughout the body becauae 
thia would produce unwanted aide ef fecta in other NO- 

20 aenaitive tiaauea that could override any beneficial 
effecta on the tuaor cella. 

Nitric oxide in ita pure fora ia a highly reactive 
gas having liaited solubility in aqueous aedia (NHO Taak 
Group on Bnvironaental Health Criteria for Oxldea of 

25 Nitrogen, oat±Amm at Mitroaen. Environaental Health 

criteria 4 (World Health Organisation: Geneva, 1977) ) . 
Nitric oxide, therefore, ia difficult to introduce 
reliably into aoat biological ayateaa without preaature 
decoapoaition . 

30 A nuaber of coapounda have been developed which are 

capable of delivering nitric oxide for pharaacological 
purposes, including coapounds which releaae nitric oxide 
upon being aetabolised and GampomOm which releaae 
nitric oxide spontaneously in aquaoua aolution. 

35 Those coapounds which release nitric oxide upon 

being aetabolised include the widely used 
nitrovaaodilatora glyceryl trinitrate and sodiua 
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nltroprus«ld« (Ignarro mt al., J. Pharmacol. Exp. Ther.. 
218 . 739-749 (19B1) ; Ignarro, Annu. Rav. Phamacol. 
Toxteol. . 2SL, 535-560 (1990); Kruszyna at al., TOXiCQlt 
Apnl. Phamaeol. . fil, 429-438 (1987); WilCOX at al., 
5 ch—. Raa. Toxicol. . 2, 71-76 (1990)), whiCh are 
ralativaly atabla but ralaasa nitric oxida on 
activation. Nhila this faatura aay ba an advantaga in 
■OM applications, it also can ba a significant 
liability. For axaapla, tolaranca to glyearyl 

10 trinitrata can davalop via tha axhaustion of tha 

ralavant ansy»a/cof actor systan (Ignarro at al., AmuLt. 
»«v. Ph«r»«eol. Toxicol. . 21, 171-191 (1985); Ktlhn at 
al., J. Cardlovaae. Pharaacol.. 2A (Suppl. 11), S47-S54 
(1989)). Also, prolongad adainlstration of 

15 nitroprussida raaults in tha aatabolic production of 
cyanida, which laads to toxicity (Saith at al., "A 
Potpourri of Biologically Saactiva Intaraadiatas" in 
Biolnaiciil Iteaetiv Tnf r^dlatas IV. MolaCUlar and 
eml\u\mr ggfaef and TIfir Tanact on Hwaan Haalth 

20 (Witaar at al., ads.), Advaneas' in Expariaantal Madieina 
and Biology Voluaa 283 (Planua Prass: Maw York, 1991) , 

pp. 365-369). 

A vary important class of HO-ralaasing agants is 
tha nitric oxida-nuclaophila complaxas, compounds 

25 containing tha NO-ralaasing VzOz' ("MOHOata") functional 
grot^. Nuaarous nitric oxida-nuclaophila complaxas hava 
baan dascribad, a.g., Dr ago, ACS fttlYi ChMi SK», 
143-149 (1962) . 8aa also Longhi and Drago, InacSLi. 
Cham. . 2# 85 (1963). Many of thasa coaplaxas ara known 

30 to avolva nitric oxida on haating or hydrolysis, a.g., 
Naragos at al., .T. Hid, ChM.. 34, 3242-3247 (1991). 

Racantly, a mathod for traating cardiovascular 
disordars in a aaaaal with cartain nitric oxida- 
nuclaophila coaplaxas waa disdosad, a.g., in U.S. 

35 Patant Ho. 4,954,526. Thaaa coapounds contain tha 

anionic M2O2" group or darivativas tharaof . Saa also, 
Maragos at al., lUBCft* Many of thaaa coapounds hava 
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provMi Mpacially promising pharmacologically because, 
xinlike nitrovaaodi latere such as nitroprusslde and 
nitroglycerin, they release nitric oxide without first 
having to be activated. The only other series of drugs 
5 currently known to be capable of releasing nitric oxide 
purely spontaneously is the S-nitrosothiol series, 
eospounds of structure R-S-NO (Stealer et al., Proe. 
Wfttl, hB§At gCi. P,g.A.> Air 444-448 (1992)); S-nitroso- 
N-acetylpenlclllamine has been reported to release 

10 nitric oxide in solution and to be effective at 

inhibiting DNA synthesis (Garg et al., '^igghtWi and 
BlQPhv. R«». com.. 121, 474-479 (1990)). However, the 
R-S-NO-HO reaction is klnetlcally complicated and 
difficult to control (Morley et al., J. cardiovasc^ 

15 PharaacQi. . 21* 670-676 (1993)). Similarly, compounds 
like molsidomine and linsidomine not only require 
activation to release NO, but they also release 
undesirable free radicals. The NONOates, therefore, are 
thus advantageous among currently known drugs in that 

20 they decoqwse at any given pH by a first-order reaction 
to provide doses of nitric oxide that can be predicted, 
quantified, and controlled. See, e.g., Haragos et al.. 

Nitric oxide/nucleophile cooplexes which release 
25 nitric oxide in aqueous solution are also disclosed in 
U.S. Patent NOS. 5,039,705, 5,155,137, 5,185,376, 
5,208r233, 5,212,204, 5,250,550, as well as in pending 
U.S. patent application serial nos. 07/950,637 (filed 
September 23, 1992), and 07/858,885 (filed March 27, 
30 1992) , as being useful cardiovascular agents (see also 
Naragos et al., J. Med. Chem. . 2±, 3242-3247 (1991)). 

Despite considerable investigation and the 
expenditure of substantial resources, there still 
remains a need for effective treatment of cancer. More 
35 particularly, there remains a need for an effective 

method of inhibiting adherence between cancerous cells 
and noncancerous structures, such as that tdiich occurs 
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in Htttastasls. Thus, in on« asp«ct, the prasant 
invMition provides a Mthod for tha Inhibition of 
adharanca batwaan cancerous calls and noncancerous 
structures, such as that which occurs in metastasis, in 
5 a patient in need thereof, other objects and advantages 
of the present invention, as veil as additional 
inventive features, will be apparent fron the 
description of the invention provided herein. 

10 fttrmm^iry the Invention 

The present invention provides a nathod for 
inhibiting the adherence between cancerous cells and 
noncancerous structures in a aaaaal, in particular a 
human. The method comprises the administration to a 

15 mammal in need thereof a nitric oxide-releasing agent 
containing the nitric oxide-releasing functional group 
M2O2*'. The nitric oxide-releasing agent releases an 
adherence-inhibiting effective amount of nitric oxide to 
the mammal to inhibit adherence between cancerous cells 

20 and noncancerous structures, wherein the term 

"noncancerous structures" refers to calls, tissues, 
membranes, organs and the like. The present invention 
provides a method for reducing the risk of metastasis 
which also comprises the administration of a nitric 

25 oxide-releasing agent to a mammal in need thereof. 

The agent may be a monomer containing a nitric- 
oxide releasing N202~ functional group or it may be a 
polymeric composition comprising a polymer to which is 
bound a nitric oxide-releasing N2O2'' functional group. 

30 The polymer can also be a biopolymer. The agent is 
capable of locally releasing an adherence-inhibiting 
effective amount of nitric oxide to a site at risk for 
adherence between cancerous cells and noncancerous 
structures in said mammal, and especially to a site at 

35 risk for metastasis. 
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Brlaf D««crlption Of Th« Drawinqa 
Fig. 1 la a bar graph of % adharant tuBor calls 
varsus vanulas (VEN) and artariolas (ART) in tha abaanca 
or prasanca of lipopolyaaceharida (LPS), DETA/NO 
5 (H2NCH2CH2N(N(0)NO]~CH2CH2ini3^)f or LPS and DETA/NO. 

n>«^li^ D««ertiittQn of thm Invantion 
Tha praaant invantion providas a aathod for 
inhibiting tha adharanca batvaan cancarous calls and 

10 noncancarous structuras in a Bannal, and is usaful for 

raducing tha risk of Mtastasis in a auunal. Tha mathod 
Involvas tha administration to a aaaBal, in particular a 
himan, of a nitric oxida-ralaaaing agant imich contains 
tha nitric oxida-ralaasing functional group N202~. Tha 

15 agant is a coapound co^^rising a nitric oxida-ralsasing 
N202~ functional group or a poly»aric coaqpositibn 
coaprising a polyaar to which is bound a nitric oxida- 
ralaasing N202~ functional group. Tha agant is capabla 
of attaching (a.g., via inunochaaical intaraction) to 

20 potantially Mtastatic cancarous calls, tharaby dosing 

then with anough NO to inhibit Mtastasis, or of locally 
ralaasing an adharanca^inhibiting af factiva amount of 
nitric oxida at a sita of a noncancarous atructura at 
risk for aatastaais in tha manal. Tha nitric oxida- 

25 ralaasing polyaaric c«qpoaition uy ba administarad in 
■any forms, such as an organ- or call-spacific 
biopolymar or as an implant, liposome, microparticla, 
microsphere, bead, or diak as described more fully 
below. "Adherence-inhibiting effective" amount is as 

30 described below with respect to dosages. 

Useful pharmaicological agenta can be provided by 
incorporating nitric oxide-releasing N202" functional 
groups into a monomer or polymer, including a 
biopolymar. The nitric oxide-releasing agents suitable 

35 for use in tha method of the present invention are 
defined by the formula: 



W096/1S7S1 



PCT/US9S/15381 



11 

I 

M-OX' 

wlMTttln X ia an organic or inorganic laolaty and X' is an 
5 organic or inorganic substituant, a pharBacautically 
accaptabla Batal cantar, a pharaacautically accaptabla 
cation, or tha Ilka. Tha NjOj' group is bondad to the 
blopolynar tbrough althar or both tha linking groups X 
and X'. 

10 Tha nitric oxida-ralaasing HjO,' functional group is 

prafarably a nitric oxida/nuclaophila adduet, i.a., a 
eoaplax of nitric oxida and a nudaophila, aost 
prafarably a nitric oxida/nuclaophila coqplax which 
contains tha anionic moiaty X[N(0)NO]', vhara X is any 

15 suitabla nuclaophlla rasidua. Tha nuclaophila rasidua 
is prafarably that of a priaary aaina (a.g., X - 
(CH3)2CHNH, aa In (C»3)2CHNH[H(0)MO)Na) , a sacondary 
aaina (a.g., X - (CH3CH2)2N, as in 

(CH3CH2)2N[N(0)NO]Na), a polyaalna (a.g., X - spanina, 
20 as in tha zwittarion H2N(CH2)3NH2'^(CH2)4NCN(0)1I0]~ 
(CH2)3NH2, X - 2-(athylaBino)athylaBlna, as in tha 
swittarion CH3CH2N[N(0)llO]~CH2CH2llH3^, or X - 3-(n- 
propylaBino)propylaBina, as in tha swittarion 
CH3CH2CH2M[N(0)NO]~CH2CH2CH2ini3'^, or OXlda (i.a., X - O", 
25 as in NaOCN(0}NO]Na) , or a darivativa tharaof. Such 
nitric oxida/nuclaophila co^plaxas ara capabla of 
dallvaring nitric oxida in a biologically uaabla form at 
a pradictabla rata. 

suitabla nitric oxida/nuclaoid&lla coqplaxas includa 
30 thosa having tha following fonnila: 

J-IHO 

N-OR 

35 

wharain J is an organic or inorganic Boiaty« including, 
for axa^pla, a aoiaty irtkich is not linkad to tha 
nitrogan of tha M2O2" groiv through a carbon atom, M*^* is 
a pharaacautically accaptabla cation, whara x is the 
40 valanca of tha cation, a ia an intagar of at laast ona. 
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and b and c ara tha SKallaat intagars that rasult in a 
nautral conpound, as dascribad in U.S. Patant No. 
5, 212 r 204, incorporatad harain 1^ rafaranca; 

5 Ri-ilH*-(CH2)x-H-((CH2)yM]d-[(CH2),-H]b-R3 (") 

R2 ^2^2' R5 R4 



25 



10 wharain b and d ara tha aaaa or dif f arant and may ba 
zaro or ona, R^* ttz' ^3> ^5 ^* saaa or 

dif f arant and »ay ba hydrogan, €3.9 cycloalkyl, Cx.12 
straight or branchad chain alkyl, banzyl/ banzoyl, 
phthaloyl, acatyl, trif luoroacatyl, p-toluyl, t- 

15 butoxycarbonyl « or 2,2,2-trichloro->t-butoxycarbonyl, and 
X, Y, and z ara tha ssm or dif f arant and ara intagars 
from 2 to 12, as dascribad in U.S. Patant Mo. 5,155,137, 
incorporatad harain by rafaranca; 

20 H 

R6-II*-(CH2)«-B (III) 



wharain B is — ( H-H2O2" or — \ ^^^2^2 



R5 and R7 ara tha saaa or dif f arant and aay ba hydrogan, 
C3.e cycloalkyl, Cx-12 straight or branehad chain alkyl, 
banzyl, banzoyl, phthaloyl, acatyl, trif luoroacatyl, p- 
30 toluyl, t-butoxycarbonyl, or 2 , 2 , 2-trichloro-t- 

butoxycarbonyl, f is an intagar from 0 to 12, with tha 
proviso that whan B is tha siabstitutad piparazina moiaty 

/—A 

ii-H20£ 



35 



than f is an intagar froa 2 to 12, as dascribad in U.S. 
Patant 5,155,137, incorporatad harain by rafaranca; 
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(CHa),-ll-R, 



(CH2)--MH2* -Re 



(iv; 



10 



whttraln Rg Is hydrogsn, c^., cycloalkyl, Cx_i2 straight or 
branchsd chain alkyl, bsnzyl, banzoyl, phthaloyl, 
acatyl, trifluoroacatyl, p-toluyl, t-butoxycarbonyl, or 
2,2,2-trichloro-t-butoxycarbonyl, R9 is hydrogan or a c^- 
straight or branehad chain alkyl, and g is 2 to 6, as 
dascribad in U.S. Patant No. 5,250,550, incorporatad 
harain by rafaranca; 



15 



20 



N W > 0 

/ I 
R2 M — 0 



(V) 



wharain R^^ and Rj ara indapandantly salactad from tha- 
25 group consisting of a strai^t chain or branehad chain 
Ci - 0^2 <^Ucyl group and a banzyl group, or alsa R^ and 
R2t togathar with tha nitrogan atoa, ara bondad to form 
a hatarocyelio group, prafarably a pyrrolidino, 
piparidino, piparasino or aorpholino group, M^* is a 
30 i^iaraaeautically aceaptabla cation, and x is tha valanca 
of tha cation, as dascribad in U.S. Patant Nos. 
5,039,705 and 5,208,233 and U.S. patant application 
Sarial Mo. 08/017,270, filad Fabruary 12, 1993, and 
incorporatad harain by rafaranca; 

K[(ll)«'(L)y(R*R'M-M202),] (VI) 



40 



wharain H is a pharmacautically aceaptabla vatal, or, 
whara x is at laast two, a aixture of two diffarant 
pharmacautically aceaptabla aatals, L is a ligand 
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14 

dlffarant froa (R^R^N-N202) and is bound to at least one 
mtal, and R^ ara aach organic soietiaa and may be the 
saM or different, x is an integer of froB 1 to 10, x' 
is the formal oxidation state of the metal M, and is an 
5 integer of from 1 to 6, y is an integer of fr«i 1 to 18, 
and where y is at least 2, the ligands L may be the same 
or different, s is an integer of fr«i 1 to 20, and K is 
a pharmaoeutically acceptable counterion to render the 
com>ound neutral to the extent necessary, as described 
10 in U.S. patent application Serial No. 07/858,885, filed 
March 27, 1992, and incorporated herein by reference; 



CR-N(H)N(NO)0-]yX (VII) 



wherein R is C2.B lower alkyl, phenyl, benzyl, or €3.9 
cyeloalkyl, any of which R groups may be substituted by 
one to three substituents, which are the same or 

20 different, selected from the group consisting of halo, 
hydroxy, q.e alkoxy, -HH2, -C(0)HH2, -CH(0), -C(0)OH, 
and >N02« X is a pharmaoeutically acceptable cation, a 
phamaceutically acceptable metal center, or a 
pharmaoeutically acceptable organic group selected from 

25 the group consisting of C^-e lower alkyl, -C(0)CH3, and 

-C (0)1012, y ^* on* three, consistent with the 

valence of X, as described in U.S. Patent No. 4,954,526 

and incorporated herein by reference; and 

R1R2N-N-0 (VIII) 
30 II 

H-OR3 



Wherein R^ and R2 are independently ^osen from 0^.12 
35 straight chain alkyl, Ci-i2 alkoxy or acyloxy substituted 
straight chain alkyl, C2.12 hydroxy or halo substituted 
straight chain alkyl, C3.12 branched chain alkyl, 03.12 
hydroxy, halo, alkoxy, or acyloxy substituted branched 
chain alkyl, C3.12 straight chain olefinic and €3.12 
40 branched chain olefinic imich are unsubstituted or 
substituted with hydroxy, alkoxy, acyloxy, halo or 
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bmsyl, or Rx "nd R2, together with the nitrogen atom to 
which they are bonded, toxm a heterocyclic group, 
preferably a pyrrolidine, piper idino, piperazino or 
■orpholino group, and R3 ie a group selected from C1.12 
straight chain and C3.X2 branched chain alJcyl which are 
uneubetituted or subetituted by hydroxy, halo, acyloxy 
or alkoxy, Cj-ij etraight chain or C3.12 branched chain 
olefinie which are uneubetituted or substituted by halo, 
alkoxy, acyloxy or hydroxy, Ci_i2 unmibstituted or 
substituted acyl, sulfonyl and carboxaaido; or R3 is a 
group of the forwila -(CHj) (0)HRiR2» wherein n is 

an integer of 2-8, and R^ and R2 are as defined above; 
preferably Ri, R2 "nd R3 do not contain a halo or a 
hydroxy substituent 0 to a heteroatoe, as described in 
15 U.S. patent application Serial Mo. 07/950,637, filed 
Septeaber 23, 1992. 

In keeping with the invention, the nitric oxide- 
releasing agent aay be a polyMric coaposition or 
biopolyMric coivositlons as described in Saavadra et 
20 al., U.S. application filed on even date herewith. The 
tera "bound to the polyaer" aeans that the K2O2' 
functional group is associated with, part of, 
incorporated with or contained within the polyaer 
physically or cheaically. Physical association or 
25 bonding of the M202' functional group to the polyaer aay 
be achieved by coprecipitation of the polyaer with a 
nitric oxide/nucleophile coaplex as well as by covalent 
bonding of the M2O2' group to the polyaer. Cheaical 
bonding of the M2O2' functional group to the polyaer may 
30 be by, for example, covalent bonding of the nucleophile 
aoiety of the nitric oxide/nucleophile adduct to the 
polyaer such that the nucleophile residue to which the 
N202" group is attached foras part of the polyaer itself, 
i.e., is in the polyaer backbone or is attached to 
35 pendant groups on the polyaer backbone. The aanner in 
which the nitric oxide-releasing M2O2- functional group 
is associated with, part of, incorporated with or 
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contaiiMd within, i.«., "bound," to th« poly««r is 
ineons«qu«ntial to th* praMnt invention and all maans 
of association, incorporation and bonding ara 
conta^platad barain. It has baan discovarad that 
5 incorporation of tho N202~ functional group into a 
polyaar providas a polyaar-bound nitric 
oxida/nuolaophila adduct eoaposition that can ba 
adainiatarad for localisad ralaasa of NO to a biological 
sita of intarast. Sita-apaeific dalivary of tha 

10 polyaar-bound adduct coaposition anhancas tha 

aalactivity of action of tha nitric oxida-ralaasing N202~ 
functional group. If N2O2' functional groups attachad to 
tha polyaar ara nacassarily localizad, than tha affect 
of thair nitric oxida ralaasa will ba concantratad in 

15 tha tissuas with which thay ara in contact. If tha 

polyaar is solubla, aalactivity of action can atill ba 
arrangad, for axaqpla, by attadbaant to or 
darivatisation of an antibody spacif ic to tha targat 
tissua, such aa an antibody to fibrin or tissua 

20 throaboplastin. Siailarly, attachaant of N2O2'' groups to 
paptidas that aiaic tha racognition saquancas of ligands 
for iaportant racaptors providaa localizad concantratad 
affact of nitric oxida ralaaaa, as would attachaant to 
oligonudaotidaa capabla of sita-spacific intaractiona 

25 with targat saquancas in a nuelaic acid. Othar 

protains, nuclaio acids and polysaceharidas, including 
horaenas and aotility, chaaotaetic and axtravasating 
factors or agants, can ba siailarly utilizad. 

For axaapla, a piparasina containing a protactad 

30 N202~ group can ba covalantly attachad to a polypeptide 
coaprising tha IKVAV racognition sequence iiq>ortant in 
tuaor call chaaotaxia. If the resulting aolecule 
retains both tha capacity to regenerate MO as an 
anti^aaotaetio agent and tha affinity of tha IXVAV 

35 saquanca for tuaor calls and/or sites in tha vascular 
and lyag^tic systaas imare tha tuaor calls tend to 
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attach and axtravasata, Mtaataais can ba raducad or 
avan pravantad. 

Any of a wlda varlaty of polyaars can ba uaad in 
tha contaxt of tha praaant invantion. It ia only 
5 nacaaaary that tha polyaar aalactad la biologically 

accaptabla. Zlluatrativa of polyaara auitabla for uaa 
in tha praaant Invantion ara polyolaflna, auch aa 
polyatyrana, polypropylana, polyathylana, 
polytatrafluorathylana, polyvlnylldana dlfluorida, and 

10 polyvlnylehlorlda, polyathylani»ina or darivativaa 
tharaof , polyathara auCh aa polyathylanaglycol and 
polyaaccharidaa, polyaatara auch aa 
poly(lactida/9lycolida) , polyaaidaa auch aa nylon and 
polyurathanaa. Any of a wida varlaty of blopolyaara can 

15 ba uaad in tha contaxt of tha praaant Invantion. 
Bi^Mlyaara auitabla for uaa inoluda paptidaa, 
polypaptidaa, protaina, ollgonuclaotidaa, nuclaic adda, 
a.g., RKA and DMA, glycoprotaina, glycogan, and tha 
Ilka. Altamatlvaly, a aubunit of a biopolyaar, auch aa 

20 a fatty add, glueoaa, an aaino acid, a aucclnata, a 

rlbonuclaotida, a ribonuclaoalda, a daoxyrlbonucleotida, 
and a daoxyribonuclaoaida, can ba uaad. Illuatratlva 
axanplaa includa antlbodlaa or fragaanta tharaof ; 
axtracallular matrix protaina auch aa laainin, 

25 f ibronactln, or thalr call attachiMnt-aita paptlda 

racognltlon aaquaneaa, auch aa KSDB, IXVAV, YXGSR, and 
tha Ilka; and growth factora, paptlda horaonaa, and 
othar polypaptldaa for which thara ara high-affinity 
call aurfaea racaptor altaa, auch aa E6F, T6Fa, TCFf) and 

30 TNF. Such aolaculaa, up«i racaptor binding, aay ba 

intamalizad into tha targat calla, tharaby facilitating 
Intracallular dalivary of tha NO donor aolaty. 

Prafarably for tha polyaar-bound and biopolyaar- 
bound NONOataa, tha N2O2" functional group la bondad to 

35 tha polyaar or blqpolyaar through althar or both tha 
linking group X or X*. 
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Thm polyMr-bound nitric oxida-rclcasing 
compositions aay be adninistsrsd in a wide variety of 
forms. Any form of delivery should adequately protect 
the integrity of the nitric oxide prior to its release 
5 and should control the release of the nitric oxide at 
such a rate, in such an amount, and in such a location 
as to ssrve as an sf fectlvs means of inhibiting 
adherence between cancerous and noncancerous cells, and 
even more desirably for inhibiting the risk of 

10 metastasis. For example, delivery means for local 

administration or administration for localized release 
Include, but are not limited to, implants, patches, 
stents, liposomes, aicroparticles, microspheres, beads, 
powders, liquids, gels, monolithic resins, disks or 

15 other devices. The advantages of local administration 
or release include the ability to attain effective 
concentrations of drug at the target site more quickly, 
the use of a smaller dose, and the realization of fewer 
toxic side effects than occur on systemic administration 

20 and release. Delivery means for systemic administration 
for localized release include, but are not limited to, 
solutions, suspensions, emulsions, capsules, sachets; 
tablets, dermal (topical) patches, lozenges, aerosols, 
liposomes, micrcqparticles, microspheres, beads, 

25 prodrugs, saall peptides that mimic ligand recognition 
sequences, and sequence-specific oligonucleotides as 
described above. 

The nitric oxide-releasing coivlexes having ^202' 
functional groups, including the coivounds described 

30 above, may be bound to a polymer support in a number of 
different ways. For example, the compounds described 
above may be bound to the polymer by coprecipitatlon of 
such coapounds with the polymer. Coprecipitatlon 
involves, for example, solubllizlng both the polymer and 

35 the nitric oxide/nucleophlle compound and evaporating 
the solvent. Monomers containing the N202~ group also 
may be dissolved in molten polymer which, upon 
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solidification vbon th« toaporatura is lowarad, contains 
a rathar unifon distribution of N202~ groups within the 
matrix. 

Alternativaly, nitric oxida-ralaasing H2O2" 
5 functional groups say ba bound to the polyvsr by 

fonnation of a nitric oxida/nuelsqphile coaplax of tha 
typss and having tha formalas of thosa dascribad abova. 
In situ on tha polyaar. Tha N202~ functional group nay 
ba attachad to an atom in tha backbona of tha polymar, 

10 or it Bay ba attachad to a group pandant to tha polynar 
backbona, or it say sinply ba antrappad in tha polymer 
natrix. Where the N202~ functional group is in the 
polymer backbone, the polymer includes in its backbone 
sites which are capable of reacting with nitric oxide to 

15 bind the nitric oxide for future release. Nhara tha 

N202~ functional group is a group pendant to tha polymer 
backbona, tha polymer contains, or is darivatized with, 
a suitable nuclaophile residue capable of reacting with 
nitric oxide to form tha N202~ functionality. Reaction 

20 of tha polymer irtiich contains a suitable nucleophilic 
residue, or of the suitably darivatized polymer, wirh 
nitric oxide thus provides a polymer-bound nitric oxide- 
releasing N2O2' functional group. 

By way of illustration, several general means are 

25 available for synthesizing a biopolymaric coqposition 
comprising a biopolymar to which is attachad a NONOate 
functional group. As one example, an ion of structure 
X-N2O2'' is raaeted with an alaetrophilic agent (an [X*]'"- 
donor) to ganarata a covalantly bonded NONOate of 

30 formula X-M(0)-HOX' ; this protected complex is then 

attachad to the desired biopolymer via the nucleophile 
residue, X, or the electrcq[d&ile residue, X*. 
Alternatively, a nucleophile residue that is already 
part of (or that can be attached to) the biopolymer can 

35 be reacted with NO under basic conditions to give a 

nitric oxide coaqplex containing a H2O2" functional group. 
As a specific example, a simple amino acid bearing a 
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secondary aalno group can b« raactad with nitric oxide 
to ganarata a compound in accordance with the present 
invention. Similarly, the NO functionality can be 
attached to a basic nitrogen in a peptide. Alternative 
5 means can be used to attach N(MIOate-containing molecules 
to thiol or activated carboxylic acid groups in a 
peptide, polypeptide or protein in accordance with the 
present invention. 

Further, by way of illustration, the N2O2'' 

10 functional group may be attached to a peptide such as 

arg-gly-asp (R6D) , to prepare the molecule arg-gly-asp- 
[N(0)NO]~. Preferably, the RGD tripeptide would be 
attached to the MONOate through a linking group such as 
additional peptide units. Other receptor/ ligand 

15 recognition sequences may be used analogously. 

one sldlled in the art will appreciate that 
suitable methods of administering the nitric oxide- 
releasing compounds and the polymer-bound nitric oxide- 
releasing N262~ functional group conpositions of the 

20 present invention to an animal are available, and that, 
although more than one route can be used to administer a 
particular composition, a particular route can provide a 
more imiMdiate and more effective reaction than another 
route. Sharmaeeutically acceptable carriers are also 

25 well-known to those who are skilled in the art. nie 
Choice of carrier will be determined in part by the 
particular composition, as well as by the particular 
Mthod used to administer the composition. Accordingly, 
there is a wide variety of suitable formulations of the 

30 pharmaceutical composition of the present invention. 

Formulations suitable for oral administration can 
consist of (a) liquid solutions, such as an effective 
amount of the polymer-bound composition dissolved in 
diluents, such as water or saline, (b) capsules, sachets 

35 or tablets, each containing a predetermined amount of 
the active ingredient, as solids or granules, (c) 
suspensions in an appropriate liquid, and (d) suitable 
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•Milslons. Tablet tons can includa ona or nora of 
lactoaa, aannitol, corn starch, potato starch, 
■icrocrystalllna callulosa, acacia, galatin, colloidal 
silicon dioxida, croscaraallosa sodium, talc, magnaaiim 
5 staarata, staaric acid, and othar axcipi«nts« colorants, 
diluants, buf faring agants, Boistaning agants, 
prasarvativas, flavoring agants, and phan»cologically 
coa^tibla oarriars. Losanga foras can coivrisa tha 
activa ingradiant in a flavor, usually sucrosa and 
10 acacia or tragaeanth, as wall as pastillas comprising 

tha activa ingradiant in an inart basa, such as galatin 
and glycarin or sucrosa and acacia amulsions, gals, and 
tha lika containing, in addition to tha activa 
ingradiant, such carriars as ara known in tha art. 
15 Tha nitric oxida-ralaasing coapositions of tha 

praaant invantion, alona or in coabination with othar 
suitabla coqponants, can ba aada into aarosol 
foraulations to ba adid.nistarad via inhalation. Thasa 
aarosol foraulations can ba placad into prassurizad 
20 aecaptabla propallants, such as dichlorodifluoroaathana, 
propana, nitrogan, and tha lika. 

Foraulations suitabla for parantaral administration 
includa aquaous and non-aquaous, isotonic starile 
in j action solutions, which can contain anti-oxidanta , 
25 buffars, bactariostats, and solutas that randar tha 
formulation isotonic with tha blood of tha intandad 
racipiant, and aquaous and non-aquaous starila 
suspansions that can includa suspanding agants, 
solubilisars, thickaning agants, stabilisars, and 
30 prasarvativas. Tha foraulations can ba prasantad in 
unit-dosa or aulti-dosa saalad containars, such as 
aapulas and vials, and can ba storad in a fraaza-dried 
(lyophilizad) condition raquiring only tha addition of 
tha starila liquid carriar, for axampla, watar, for 
35 injactions, immadiataly prior to usa. Extaaporanaous 

injaction solutions and suspansions can ba praparad from 
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stttril* pondars, granules, and tablets of the kind 
previously described. 

The dose adsinistered to an animal, particularly a 
human, in the context of the present invention should be 
5 sufficient to effect a therapeutic response in the 

animal over a reasonable time frame. The dose will be 
determined by the strength of the particular polymeric 
composition employed, the type of delivery means 
employed, the route of administration, the condition and 

10 wei^t of the animal to be treated, the timing of 
administration, and the length of time of 
administration. The size of the dose also will be 
determined by the existence, nature, and extent of any 
adverse side-effects that might accompany the 

15 administration of a particular composition. The dose 
may be administered acutely or chronically as dictated 
by the condition being treated, alleviated or prevented. 
An "adherence-inhibiting effective amount" of HO is an 
amount that inhibits adherence between cancerous cells 

20 and noncancerous structures as defined above. 

The following examples further illuetrate the 
present invention, but do not limit the scope thereof. 



This example illustrates the preparation of l-(2S- 
carboxypyrrolidin-l-yl) -i-oxo-2-hydroxydiaaene, disodium 
salt, as shown schematically as follows: 



25 
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A solution of 10 g (0.087 boI) of L-prollne in 39 
ml (0.18 aol) of 25% sodiun nathoxide in methanol and 20 
ml of methanol wa« dagassad and exposed to 40 psi of NO 
for 20 h. The pressure was released and the solid 
5 residue was collected by filtration, washed with ether, 
and dried under vacuum to give 17 g of a white solid: 
UV (0.01 N NaOH) X«x («) 250 nm (€ - 4.9 mlT^ cm-^); HMR 
(D2O) A 1.71 (Br 1 H), 1.91 (m, 2 H), 2.27 (m, 1 H) , 
3.27-3.43 (B, 2 H) , 4.04 (m, 1 H) . A methanol peak was 
10 also present, but the solid was free of both proline and 
ir-nitrosoproline . 

Exaaple II 

This example illustrates the preparation of l- 
15 hydroxy-2-oxo-3-carboxyBethyl-3-Bethyl-l-tria«ene, 
disodiuB salt, as shown schsBatically as follows: 



20 in 100 Bl of Bethanol and 20 b1 of water was added 8.9 g 
(0.1 Bol) of sarcosine. The solution was charged with 
40 psi of MO and stirred at 2S*C for 48 h. The pressure 
was released, and the solution was evaporated in vacuo 
to give a white solid: UV 250 rm. The distillate 

25 had a strong SBine odor, which was detemined to be 
BethylsBine on derivatization with benzoyl chloride. 

The solid residue was dried under high vacuum, then 
analyzed by HMR in D2O. Five products were detected by 
NMR: methy lamina, 6 2.28, 36%; i-diBethylaBino-l-oxo-2- 

30 hydroxydiazene, sodiuB salt, • 2.79, 15%; H- 
nitrosodimethy lamina, 6 3.11 and 3.91, 8%; W- 




To a solution of 8 g (0.2 mol) of sodium hydroxide 
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nitro»o»arco»ine, •odiua salt, * 3.15 (s, E methyl), 
3.84 2 methyl), 4.21 (s, Z methylene), 4.80 (s, E 
methylene), 10%. The title compound was present as 32% 
of the mixture: A 3.11 (s, 3 H) and 3.60 (s, 2 H) . 

5 

BmiPlt HI 

This example illustrates the preparation of l- 
hydrojty-2-oxo-3-carbojrymethyl-3-methyl-l-triazene N- 
methylamide, sodium salt, as shown schematically as 
10 follows: 




NH-Me 



NaOMe.NO 

1 

MeOH 



I II 
I 

O-Na 



,NH-Me 



A solution of 150 ml (1.9 mol) of 40% aqueous 
methy lamina was cooled to 0*C. To the solution was 

15 added 40 ml of 10 M sodium hydroxide followed by the 
careful addition over a 2-h period at 0»C of e- 
chloroacetyl chloride (27 g, 0.24 mol). 

Stirring was continued at room temperature 
overnight. The resulting solution was saturated with 

20 sodium chloride and extracted with dichloromethane, 

dried over sodium sulfate, and filtered through a layer 
of magnesium sulfate. Most of the solvent was removed 
on a rotary evaporator and the residue was distilled at 
1 atm then under moderate vacuum. The product distilled 

25 at 90-2»c at 125 mm Hg to yield 15 g (61%) of sarcosine 
W-methylamide: IR (film) 3318, 2952, 2889, 1659, 1553, 
1462, 1413, 1166 cm"^; NMR (CDCI3) 5 2.42 (s, 3 H) , 2.86 
(s, 1.5 H), 2.83 (s, 1.5 H), 3.23 (S, 2 H) . 

A solution Of 1.7 g (0.0167 mol) of sarcosine H- 

30 methylamide in 3.5 ml (0.016 mol) of 25% sodium 

methoxide in methanol was placed in a pressure bottle. 
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30 



fluslwd With nitrogwi and chargad with 40 pai of nitric 
oxida. Tha solution was kapt at 25»C for 48 h, giving a 
thick pasta. Tha prassura was ralaasad. Tha rasidua 
was waahad with athar and driad undar vacuum to giva 1.4 
9 of a aolid: UV X^, (e) 250 vm (2.4 M'^ c«-i) • 



This mcMmpl* illustratas tha praparation of tha 
bis (nitric oxida) adduct of L-prolyl-L- 
10 laucylglycina»ida, as shown scha«atically as follows: 




o 

II 



NH] 



To a slurry of 120 wq (0.423 mwl) of L-prolyl-L- 
15 laucylglycina»ida (Sigw) in 4 al of acatonitrila was 
addad 100 Ml of 25% sodiua aathoxida in ■athanol. Tha 
rasulting gal was traatad with a f aw drops of aathanol 
until a how»ganaous solution was obtainad. Tha solution 
was transfarrad into a micro-Parr bottla and bubbled 
20 with nitrogan for 5 »in, followed by axposura to 40 psi 
of MO for 72 h. Tha reaction mixture was dried under 
vacuum to giva 187 mg of a solid: (e) 250 nm (6.2 

mir^ cm-i) in pH 7.4 buffer. It released 0.86 moles of 
NO (par mole of tripeptide decomposed at this pH) with a 
25 half-life of 7 min at 37»C. 

Oligopeptides and protaina of increasing chain 
length can be similarly darivatized with MO. 



Bxaaplc V 

This example demonstrates the attachment of a 
nucleophilic center to a protein that does not contain a 
nucleophilic center that will readily react with MO, 
shown schematically as follows: 
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MeS 



_ H O 

<— c-c- 



McS 



Ac' 



'Si 



'H I II / 

I— C-C-N 

I \ 



K-Boc 



CFjCOOH 



CHjCI, 



MeS 



"Li 



H O 

II 



N-1 



Ac' 



VS.. 



■"O I— C-C-N N-H 

\ / 



H O 



NaOMe 



McOH 



Ac 



5 

A solution of 4.78 g (0.025 mol) of N-acetyl-L- 
n«thionln* In CH2CI2: acetonltrll* (120 b1) was cooled 
to 0«C. To this solution was addsd 5.36 9 (0.025 mol) 
of dicyclohaxylcarbodiinids (DCC) followed by the rapid 

10 addition of 3.90 9 (0.021 aol) of N-t- 

butoxycarbonylpiperaslne in 6 al of diehloronethane. 
The progress of the reaction was followed on silica gel 
TLC plates developed with 4:1 acetonltrile: 
tetrahydrofuran and visualised with either iodine or 

15 ninhydrin spray. The reaction was ooq^lete within 2 h. 
A few drops of glacial acetic acid were added to the 
reaction eixture and the solvent was reaoved on a rotary 
evaporator. The residue was taken up in ether and 
filtered. The clear filtrate was washed with dilute 

20 acid followed by dilute base. The organic layer was 
separated, dried over anhydrous sodiua sulfate, 
filtered, and evaporated to give 8.2 g of l-(t- 
butoxyearbonyl) -4- (N-aeetyl-L-aethionyl) piperazine , a 
colorless oil which required no further purification: 

25 IR (fil») 3304, 3058, 2973, 2931, 2868, 1701, 1645, 

1539, 1420, 1237, 1173 CB"^; NMR (CDCI3) 6 1.47 (S, 9 H) , 
1.80 («, 2 H), 2.02 (8, 3 H) , 2.10 (S, 3 H) , 2.46 (n, 2 
H), 3.53 (m, 8 H), 5.10 (M, 1 H) , 6.35 (b, 0.5 H) , 6.43 
(b, 0.5 H) . 
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TO a solution of 8.6 g (0.024 mol) of l-(t- 
butoxycarbonyl)-4-(W-ac«tyl-L-iD«thionyl)plperazlna In 60 
ml of dichloroaathana was addad 10 ml of trifluoroacatic 
acid and tha mlxtura was stirrad at room taaqparatura 
5 ovsrnight. Ths solution was sxtractsd with watar and 
tha rasulting aquaous solution was mada basic with 
sodiuB hydroxida. Tha product was axtractad with 
dichloroMthana, driad ovar sodiua sulfata, and 
filtarad. Evaporation of tha solvant gava 2.1 g of l- 

10 (N-acatyl-L-»athionyl)piparazina, as an oil: IR (film) 

3304, 3051, 2917, 2861, 1645, 1546, 1448, 1377 cm"^; NMR 
(CDCI3) fi 1.95 (m, 2 H), 2.02 (8, 3 H) , 2.10 (8, 3 H) , 
2.54 (m, 2 H), 2.98 (B, 4 H) , 3.74 («, 4 H) , 5.10 (m, 1 
K), 6.40 (b, 0.5 H), 6.48 (b, 0.5 H) . 

15 To a solution of 510 ag (1.97 mnol) of i-(W-acatyl- 

L-mthionyl)piparazina in l ■! of nathanol was addad 428 
Ml (1.97 anaol) of 25% sodiun aathoxida in aathanol. Tha 
systam was dagassad and chargad with 40 psi of nitric 
oxida. Aftar axposura of tha solution to HO for 120 h, 

20 tha praasura was ralaasad and tha solid product was 

collactad by filtration, washad with athar, and dried to 
giva 27 mg of i-(4-(ir-acatyl-L-mathionyl)piparazin-l- 
yl]-l-oxo-2-hydroxydiazana, sodium salt, as a whita 
solid: UV (e) 252 na (12.0 wHT^ ca"^) . Th* product 

25 dacoB|>osad with a half-lifa of 6.9 ain at pH 7 and 2S*C 
to produca 1.72 aolas of NO par aola of tast agant. 



This axaapla daaonstratas tha attachment of a 
* 30 preformed HONOate containing a nucleophilic nitrogen 
atom to tha C-tarminus of a peptide, polypeptide or 
protein as shown schematically as follows: 
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* ^Ol 



A Bolution of 20 g (0.126 aol) of •thyl 1- 
5 plp«razin«carboxylat« in 60 b1 of Mthanol vas placed in 
a Parr tmttla. Th« solution was trsatsd with 27.4 ml 
(0.126 ■ol) Of 25% sodiw Mthoxids in Mthanol. Ths 
systm was svacuatsd, charged with 40 psi of nitric 
oxids and kspt at 25*C for 48 h. Tha irtiita crystallina 

10 product was collaotsd by filtration and washad with cold 
Mthanol as wall as with copious aoounts of ether. The 
product was dried under vacuum to give a 14.5 g (48%) 
yield of i-(4-carbethoxypiperazin-l-yl)-l-oxo-2- 
hydroxydiazene, sodium salt: mp 184-5»C; UV (O.Ol M 

15 NaOH) Xb.x <«) 252 nm (10.4 mM"^ CB"^); NMR (D2O) 6 1.25 
(t, 3 H), 3.11 (m, 2 H), 3.68 (m, 2 H) , 4.15 (q, 2 H) . 
Anal calcd. for c«Hi3N404Na: c, 35.00%; H, 5.42%; H, 
23.33%; Ha, 9.58%. Found: C, 34.87%; H, 5.53%; N, 
23.26%; Ha, 9.69%. The half-life of this compound at pH 

20 7 and 25*C was 5 min. This measurement was based on the 
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loM Of thtt 252-im chroBoi^or* in th« ultraviolet 
•p«ctrua. 

A solution of 1.3 g (5.4 nnol) of l-(4- 
carb«thoxypip«raz in-l-y 1 ) -l-oxo-2-hydroxydia2en« , sodium 
5 salt, in 10 al of 0.01 M aquaous aodlun hydroxida was 
coolad in an ica bath. A solution of 2 »1 of diaathyl 
sulfate in 10 ml of Mthanol was addad dr^isa. Tha 
resulting solution was stirred at 0*C for 1 h, then 
allowed to wan gradually to rooa teaperature. After 24 

10 h the solution was concentrated on a rotary evaporator. 
The residue was extracted with dichloronethane, dried 
over sodiun sulfate, and filtered through a layer of 
magneslua sulfate. The solvent was evaporated under 
reduced pressure and the residue was chronatographed on 

15 silica gel. Elution with 2:1 dichloroMthane: ethyl 
acetate provided 683 »g (55%) of l-(4- 
carbethoxypiperazin-l-yl)-l-oxo-2-»ethoxydia«ene as an 

oil, which crystallised on standing: ap 46*C; UV 

(e) 240 na (8.4 wOT^ ea'M; IR (fila) 2988, 2945, 2875, 

20 1707, 1504, 1068 ca"^; NMR 6 3.38 (a, 4 H) , 3.67 (a, 4 
H), 4.03 (s, 3 H), 4.16 (q, 2 H) ; MS B/z (relative 
intensity, %) , 232 (M*, 3), 217 (16), 187 (10), 157 
(100), 142 (5), 98 (4), 85 (27), 70 (26), 56 (94), 54 
(19); exact aass calod for C8H16N4O4 (M*^) 232.1171, 

25 found 232.1172. Anal Calod for CeHifiN^O^: C, 41.38%; H, 
6.90%; N, 24.14%. Found C, 41.23%; H, 6.82%; N, 24.05%. 

A aixture of 1.8 g (0.0078 aol) of l-(4- 
carbethoxypipera«in-l-yl)-l-oxo-2-aethoxydiasene and 20 
al of 5 M aqueous sodiua hydroxide was heated at reflux. 

30 After 45 ain no starting aaterial reaainad in the 
aixture, as assessed froa qualitative thin layer 
chroaatography. The solution was allowed to cool to 
rooa teaperature and evaporated to a viscous residue, 
which was sxtracted with ethyl acetate, dried over 

35 sodiua sulfate, filtered, and evaporated. The product 
was chroaatographed on silica gel and eluted with 1:1 
dichloroaethane: acetone giving 820 ag (66%) of l- 
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(pip«razin-l-yl)-l-oxo-2-»«thoxydia2«n« as a pale yallow 
oil: UV It^j^ (€) 234 nm (7.0 nM"^ cm'^) ; NMR 6 3.03 (m, 4 
H), 3.38 (m, 4 H), 4.06 (S, 3 H) ; IR (film) 3318, 2945, 
2854, 1447, 1364, 1286, 1230, 1046, 1004 cm~^; MS JB/Z 

5 (ralativtt intansity, %) 160 (N*, 2), 145 (7), 143 (10), 
115 (9), 85 (56), 58 (7), 56 (100); axact nass calcd for 
C5H12N4O2 (M*) 160.0960, found 160.0966. 

To a aolution of 164 ag (0.856 nol) of N-acetyl-L- 
Mthionina in 10 ml of 1:1 dichloromathana:acatonitrila 

10 was addad 206 mg (1 anol) of dicyclohexylcarbodiimlda 
(DCC) followed by tha rapid introduction of 137 mg 
(0.856 mmol) of l-(piparazin-l-yl) -1-0x0-2- 
mathoxydiasana in 3 ml of dichloromathana. The reaction 
aixtura was stirred at 25*C for 4 h. A few drops of 

15 glacial aeatlc add ware addad to dacoapose excess DCC. 
The Mixture was filtered and evaporated. The residue 
was extracted with ethyl acetate, which in turn was 
washed with dilute hydrochloric acid, followed by dilute 
aqpieous sodium hydroxide. The organic layer was dried 

20 over sodiim sulfate, filtered through a layer of 
magnesium sulfate, and evaporated in vacuo. 
Purification of l-(4-(Jr-acetyl]-L-methionylpiperazin-l- 
yl)-l-oxo-2-aethoxydiazene was accoqplished on silica 
gel using 4:1 acetonitrilextetrahydrofuran as the 

25 eluant: UV X^y^ (c) 230 rm (8.7 mir^ cb~^) ; MMR 0 2.02 
(S, 3 H), 2.07 (m, 2 H), 2.11 (S, 3 H) , 3.46 (m, 4 H) , 
3.83 (B, 4 H), 4.03 (S, 3 H) , 5.15 (m, 1 H) , 6.28 (b, 
0.5 R), 6.35 (b, 0.5 H) ; IR 3297, 2931, 2847, 1645, 
1546, 1497, 1441, 1223 cm'^; MS m/z (relative intensity, 

'30 *), 333 (M*, 4), 318 (2), 304 (3), 303 (16), 288 (12), 
260 (11), 259 (100), 258 (9), 214 (78), 184 (37), 183 
(10), 174 (5), 146 (26), 142 (56), 141 (5), 104 (63), 61 
(60); exact mass calcd for (^*) 333.1470, 

found 333.1471. 



35 
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This •xaBq;>le denonstratas tha affact of nitric 
oxida-ralaasing compounds on tha adhasion of tumor calls 
to isolatad artarlolas and vanulas. 
5 RPMI 1846, a Mlanotic aalanoaa of a Syrian 

haastar, was obtainad froa tha Amrlcan Typa Cultura 
Collactlon, Rodcvilla, MD, and grown in McCoy's 5A 
aadiuB (6ZB00, Grand Island, NY) supplaaantad with 20% 
fatal bovina sarua (GIBCO, Grand Island, MY) at 37 in 

10 a huaidifiad 5% CO2 ataosphara. Onca confluant, calls 
vara harvastad by briaf trypsinizatlon with 0.25% 
trypsin (GIBCO) , nautralizad with coaplata cultura 
aadiuB, cantrifugad at lOOxg for 5 ainutas and 
rasuspandad at a concantration of 10^ calls/al in 1% 

15 albuain physiological salt solution (APSS), consisting 
of 145.0 VK MaCl, 4.7 sM KCl, 2.0 aM CaCl2, 1.17 BM 
Ilg804, 1.2 wH MaHzPOf, 5.0 aM glueosa, 2.0 aM pyruvata, 
0.02 aM EDTA, and 3.0 sM 3<-(N-aorpholino) 
propanasttlfonic acid (MOPS) buffar and 1% fatal bovine 

20 sarua, buf farad to a pH of 7.4, and filtarad through P8 
f iltar papar (Pishar Sciantif ic, Pittsburgh, PA) . Tha 
viability of tuaor calls was chackad by trypan blue 
staining and only call suspensions with a viability 
greater than 90% ware used for experiaents. 

25 Male sprague-Dawley rats weighing between 50 g and 

150 g ware injected intraparitoneally with 1 al/lOOg PSS 
or 1 al/lOOg PSS containing LPS (Sigaa, St. Louis, MO) 
at 1 ag/al. Four hours later, the rats ware 
anesthetised with inactin (100 ag/kg intraparitoneally) . 

30 A aidline abdoainal incision was produced, the superior 
mesenteric artery was isolatad and cannulatad, and 1 ml 
of wara porcine gelatin ink solution was injected into 
the aesenteric vasculature via the superior aesenteric 
artery catheter to visualize aicrovessels. The porcine 

35 gelatin ink solution was prepared by dissolving 0.36 g 
porcine skin gelatin (Sigaa, St. Louis, MO) and 0.2 ml 
nondialized India ink in 10 ml warm APSS and filtering 
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through P8 filter pap«r. At this concantratlon, the 
gelatin solution was liquid at room tsnpsrature and 
solidifias at tsqparaturss bslow 20*C. 

A sagMnt of bowsl and attaehsd assantary was 
5 axcisad and plaoad in a dissecting chaaber containing 
ice-cold, pa 7.4 P8S (saae as APSS but without added 
serua) . An unbranched segaent of arteriole or venule, 
70-100 im in diaaeter (OD) and 1.5-2.0 aa in length, was 
dissected free, transferred to an isolated vessel 

10 chaaber (Halpem type) , cannulated on both ends with 

glass aieropipettes -50 iim in diaaeter, secured with 11- 
0 sutures, and bathed in 37*C PSS equilibrated with rooa 
air. The bath solution was in constant renewal at a 
rate of 2 al/ain. The vessel luaen was perfused with 

15 37 •€ AP88 via a gravity-fed reservoir connected to the 
inflow catheter. After cannulation, the vessel chaaber 
was placed on an inverted aicroseope. A television 
caaera aounted on the aicroseope was used to project the 
iaage onto a television aonitor and the iaages were 

20 recorded using a videocassette recorder. A video 
tiae/date generator projected the tiae, stopwatch 
fvmction, and date onto the aonitor. A video caliper 
was used to aeasure the diaaeter of the vessel. 

After a 30-ain stabilisation period, the vessel was 

25 perfused with tuaor cell suspension. Perfusate inflow 

was then interrupted and the tuaor cells were allowed to 
settle onto the endotheliua. The nuaber of cells 
sitting on the aicrovessel was observed and recorded. 
Twenty alnutes later, perfusate flow was resuaed at a 

30 pressure gradient of 115 ca H2O between inflow and 

outflow aieropipettes. Pive minutes later, the nui^Der 
of tuaor cells reaaining adherent to the vessel wall was 
counted and recorded. The percentage of adherent cells 
was calculated by dividing the nuaber of tuaor cells 

35 reaaining adherent to the vessel wall after flow was 
resuaed for 5 ainutes by the total nuaber of cells 
setting on the vessel wall when flow was interrupted. 
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On«-way ANOVA and Student-H«w»an-K«ul» t«sts were used 
to analyze the difference* among groups, which were 
considered significant at P<0.05. 

In order to deteniine the effect of LPS on tumor 
5 cell adhesion to precapillary arterioles and 
postcapillary venules, rats were injected 
intraperitoneally with LPS (Sigaa) dissolved in PSS (1 
■g/ml) at a dose of 1 ag/lOO g body weight, while the 
control rats were injected intraperitoneally with PSS at 

10 1 al/100 g body weight. Four hours later, the aniiaals 
were sacrificed and an arteriole or venule was isolated 
from mesentery for tumor cell adhesion analysis as 
described above. Tumor cells were much more adhesive to 
untreated venules than to untreated arterioles, the 

15 difference being about 5-fold. LPS treatment of 
postcapillary venules for 4 hours significantly 
increased tumor cell adhesion as eoxq»ared to untreated 
venules. However, LPS treatment of precapillary 
arterioles did not affect tumor cell adhesion to these 

20 vessels. 

The effect of nitric oxide, in the form of DETA/HO, 
on melanoma tumor cell adhesion to untreated and LPS- 
treated postcapillary venules is shown in Figure l, 
which is a bar graph of % adherent tumor cells versus 

25 VEM and ART in the absence or presence of LPS, DETA/NO, 
or LPS and DETA/NO. Treatment of isolated postcapillary 
venules with 1 mH DETA/NO for 30 min before reperfusing 
caMpletely blocked the enhancing effect of LPS on tumor 
cell adhesion enhancement to postcapillary venules. 

30 Furthermore, DETA/NO decreased tuzrar cell adhesion to 
untreated venules. The difference was significant at 
P<0.05. 

These results show that NO administered exogenously 
in the form of an NO donor containing an N2O2" group can 
35 inhibit tumor cell adhesion to LPS-activated endothelium 
and that exogenous NO can further reduce the baseline 
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adh«sion of tuaor c«ils to naive vanular andothellal 
calls. 

All publications, patsnts, and patant applications 
5 citad harain ara haraby incorporatad by rafaranca to the 
saiM axtant as if aach individual docuiMnt vara 
individually and spaoif ieally indicated to be 
incorporatad by rafaranca and ware sat forth in its 
entirety herein. 

10 While this invention has been described with 

emphasis upon preferred eabodiments, it will be obvious 
to those of ordinary skill in the art that the preferred 
aabodiaants aay be varied. It is intended that the 
invantion aay be practiced otharvisa than as 

15 specifically described harain. Accordingly, this 

invention includes all aodif ications ancoapassed within 
the spirit and scope of the appended claias. 
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WHftT PTAIMED IS; 

1. A ■•thod for inhibiting th« adherence between 
cancerous and noncancerous cells in a aamal, which 

5 nethod coaprises the adainistratlon to said naaaal of a 
nitric oxide-releasing eoqwund containing a nitric 
oxide-releasing N2O2' functional group, said coapound 
being capable of releasing an adherence-inhibiting 
effective aaount of nitric oxide to said aanal. 

10 

2. The nethod of claia 1, therein said compound 
is a polymer selected from the group consisting of a 
peptide, polypeptide, protein, oligonucleotide, and 
nucleic acid. 

15 

3. The method of claim 2, %Aierein said polymer is 
selected from the group consisting of a tissue-, cell- 
or tumor-specific antibody or fragment thereof, a 
protein containing a recognition sequence for a 

20 reeeptor-ligand interaction favorable to tumor cell 
attachment, an anti-chemotactic agent, and a hormone. 

4. The method of claim l, herein said nitric 
oxide-releasing N202~ group is of the formula 

25 

X-H-0 
I 

N-OX' 

30 Wherein X is an organic or inorganic moiety and X' is 
selected from the group consisting of X, a 
pharmaceutically acceptable metal center or a 
pharmaceutically acceptable cation, and irtterein said 
N202~ group is bonded to said biopolymer through at least 

35 one of X or X*. 

5. The method of claim 4, lAereln said nitric 
oxide-releasing M202' functional group is of the formula: 
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-0" 

I 

N-0 



He 



(I) 



a Jb 



irti«r«in J is an organic or inorganic aoiety, M*" is a 
pharaacautically accaptabla cation, whera x is the 
10 valanca of tha cation, a is at laast ona, and b and c 
are tha saallast intagers that rasult in a nautral 

compound. 

6. Tha aathod of claia 5, wharain J is a noiaty 
15 irtiich is linkad to tha nitrogan of tha rauindar of tha 
coflqplax through an atom othar than a carbon atom. 



20 



7. Tha Mthod of claia 5, «Aiarain tha nitric- 
oxlda ralaasing group is a coqpound othar than a salt of 
alanosina or dopastin. 



25 



8. Tha Mthod of claim 4, vharain said nitric 
oxida-ralaasing NaOj' functional group is of tha formula: 



Rl-NH*-(CHa),-M-[ (CH2)yH]4-[ (CHa) ,-M]b-R3 



(II) 



R. 



30 trtiarain b and d ara tha sama or different and may be 
zero or ona, R^, Rj, R3, R4, and R5 ara tha same or 
different and may be hydrogen, Cj.g cycloalkyl, 
straight or branched chain alkyl, benzyl, benzoyl, 
phthaloyl, acetyl, trif luoroacetyl, p-toluyl, t- 

35 butoxyearbonyl, or 2,2,2-triehloro-t-butoxycarbonyl, 



and 



X, y, and z are the 
from 2 to 12. 



or different and are integers 



40 



9. The method of claim 4, wherein said nitric 
oxide-releasing NaOj' functional group is of the formula: 
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H 

Re-H*-(CH2)«-B fill) 
^7 



25 



-<2 



vhwreln B is 



Rs and R7 ar« tha aaM or diffarant and atay ba hydrogan, 
10 Cj., cycloalkyl, C^.^a •toaight or branchad chain alkyl, 
banzyl, bansoyl, phthaloyl, acatyl, trifluoroacatyl, p- 
toluyl, t-butoxycarbonyl, or 2,2,2-trichloro-t- 
butoxycarbonyl, f ia an intagar fron 0 to 12, with the 
proviao that vhan B ia tha aubatitutad piparazina noiaty 

15 — H N-HjOa 



than f ia an intagar froa 2 to 12. 

10. tha aathod of clain 4, wharain aaid nitric 
20 oxida-ralaaaing MaOa" functional group ia of tha formula: 



'"^'•T"* . rpT"^''-"'*-"' ,iv, 




H,0 




%fharain i« hydrogan, Cj., cycloalkyl, C^.^a "traight or 
branchad chain alkyl, banzyl, banzoyl, phthaloyl, 
acatyl, trifluoroacatyl, p-toluyl, t-butoxycarbonyl, or 
2,2,2-tri-chloro-t-butoxycarbonyl, R9 ia hydrogan or a 
30 C1-C12 atraight or branchad chain alKyl, and g ia 2 to 6. 
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11. The method of claim 4, wherein said nitric 
oxide-releasing M202~ functional group is of the formula: 



Ri 



10 



N — M-oO 

/ I . 

, M— O 



(V) 



Wherein and are independently selected from the 
15 group consisting of a straight chain or branched chain 
- elkyl group and a benzyl group. 

12. The method of claim 11, wherein R^ and are 
selected so that R^ and Rj, together with the intervening 

20 nitrogen atom, are bonded to form a heterocyclic group, 

tS^ is a ptaarmaceutically acceptable cation, and x is the 
valence of the cation. 

13. The method of claim 12, iriierein the 

25 heterocyclic group is selected from the group consisting 
of pyrrolidine, piperidino, piperasino and morpholino. 

14. The method of claim 4, wherein said nitric 
oxide-releasing NjOj' functional group is of the 

30 formula: 

K[(M)V(I')y(R^R*N-M202)«) 

35 wherein M is a pharmaceutically acceptable metal, or, 
where x is at least two, a mixture of two different 
pharmaceutically acceptable metals, L is a ligand 
different from (R^R^M-NjOj) and is bound to at least one 
metal, R^ and r' are each organic moieties and may be the 

40 same or different, x is an integer of from 1 to lo, x' 
is the formal oxidation state of the metal N, and Is an 
integer of from l to 6, y is an integer of from 1 to 18, 
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10 



and wh«r« y i« at least 2, tha Uganda L may ba the sane 
or dlffarant, z i« an Intagar of from 1 to 20, and K is 
a phanBacautically accaptabla counterion to rsndar the 
con|K3und neutral to the extent necessary. 

15. The method of claim A, trtierein said nitric 
oxide-releasing MaOj" functional group is of the formula: 

[R-H(H)M(MO)0-]yX (VII) 



wherein R is Cj.^ lower alkyl, phenyl, benzyl, or Cj.e 
cycloalkyl, any of which R groups may be substituted by 
one to three substituents, which are the same or 
different, selected from the group consisting of halo, 
15 hydroxy, c^,^ alKoxy, -HH^, -C(0)MH2, -CH(0) , -C(0)OH, 
and -HOj, X is a pharmaoeutically acceptable cation, a 
pharmaceutically acceptable metal center, or a 
pharmaoeutically acceptable organic group selected from 
the group consisting of C^^ lower alkyl, -c (0)013, and 
20 -C(0)HH2' y i» *® three, consistent with the 
valence of X. 

16. The method of claim 4, vrtiereln said nitric 
oxide-releasing HjOj' functional group is of the formula: 
25 RjRaH-IHC (VIII) 

H-0R3 



30 wherein R^ and R2 are independently chosen from C^.^a 

straight chain alley 1, c^.^j alkoxy or acyloxy substituted 
straight chain allcyl, Cj.u hydroxy or halo substituted 
strai^t chain alkyl, C3_x2 branched chain alkyl, C3.12 
hydroxy, halo, alkoxy, or acyloxy substituted branched 

35 chain allcyl, C3.12 «traight chain olefinic and C3.12 
branched chain olefinic which are unsubstituted or 
substituted with hydroxy, alkoxy, acyloxy, halo or 
benzyl, or Ri and Rj together with the nitrogen atom to 
which they are bonded form a heterocyclic group, and R3 

40 is a group selected from C1.12 "traight chain and C3.12 
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branched chain alkyl imich ara unaubatitutad or aubatl- 
tutad by hydroxy, halo, acyloxy or alkoxy, 02^12 atraight 
chain or c^^n branchad chain olaf inic %rtxich ara 
unaubstitutad or aubstitutad by halo, aUcoxy, acyloxy or 
5 hydroxy, C^.^j unaubstitutad or aubstitutad acyl, 
sulfonyl and carboxanido; or is a qraap of tha 
forvula ->(CB2)n~ON"N(0)llRxR2' vharain n is an intagar of 
2-8, and Rx and R2 ara aa dafinad abova. 

10 17. Tha nathod of claim 16, wharaln R^, R2 and R3 

contain a halo or a hydroxy axibatituant a to a 
hataroatcm. 

18. Tha Mthod of elaia 16, wharaln tha 

15 hatarocyelic group la aalactad froa tha group conalsting 
of pyrrolidino, piparidlno, piparasino, and aorpholino. 

19. Tha Mthod of claln 1, vharain aald cancaroua 
calla in aald aaaaal ara potantially Mtaatatlc. 
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